The possible role of intracellular free Ca2+ and calmodulin in the regulation of fowl sperm motility was investigated using an intracellular Ca2+ chelator, 1,2-bis (2-aminophenoxy) ethane-N,N,N\m='\,N\m='\-tetraaceticacid, tetraacetoxymethyl ester (BAPTA/AM) and calmodulin antagonists such as N-(6-aminohexyl)-5-chloro-1-naphthalenesulfonamide hydrochloride (W-7), N-(6-aminohexyl)-1-naphthalenesulfonamide hydrochloride (W-5) 
Introduction
It is well known that Ca2+ is a signal transducer in the regulation of sperm motility (for review, see Tash and Means, 1983; Lindemann and Kanous, 1989; Majumder et ah, 1990) . The effects of intracellular Ca on sperm motility can be divided into two major classes: modification of wave form and oscillation frequency (Gibbons and Gibbons, 1973; Brokaw et ah, 1974; Brokaw, 1979; Lindemann et ah, 1987; Suarez et ah, 1993) ; and complete inhibition of motility at > 1 µ Ca2+ 1~1 (Gibbons and Gibbons, 1980;  Mohri and Yanagimachi, 1980; Tash and Means, 1982) .
Since the inhibition of mammalian sperm motility by high concentrations of intracellular Ca2+ is paralleled by a decrease in the overall phosphorylation of sperm proteins, some of which may be axonemal components (Tash and Means, 1982) , it is logical to presume that the effects of Ca2+ on sperm motility may be partly regulated by protein phosphorylation. The (Tash and Means, 1983 ).
However, fowl spermatozoa display a unique phenomenon: their motility is reversibly inhibited as the temperature is raised from 30°C to 40°C, the avian body temperature (Munro, 1938; Nevo and Schindler, 1968; Ashizawa and Nishiyama, 1978: Takeda, 1982; Ashizawa and Okauchi, 1984;  Ashizawa and Wishart, 1987; Wishart and Ashizawa, 1987; Ashizawa et ah, 1989a Wishart, 1989 Wishart, , 1991 . Motility is restored by decreasing the temperature or by the addition of Ca2+ at 40°C (Wishart and Ashizawa, 1987: Ashizawa et ah, 1989a;  Thomson and Wishart, 1989, 1991) . In addition, the motility of demembranated fowl spermatozoa is also inhibited in Ca2+-free medium (Ashizawa et ah, 1992a) (White and Voglmayr, 1986; Feng et ah, 1988 (Brooks and Siegel, 1973; Jones et ah, 1978 Jones et ah, , 1980 Garbers et ah, 1980; Burgess, 1983; Moore and Dedman, 1984; Yamamoto, 1985; Camatini et ah, 1986 Camatini et ah, , 1991 Weinman el ah, 1986; Fouquet el ah, 1991; Kann et ah, 1991) . It has been suggested that calmodulin regulates flagellar motility in dog and sea urchin spermatozoa by inducing wave-form changes (Tash and Means, 1982; Brokaw and Nagayama, 1985) (Fig. 3) . The inhibition of motility 20 min after the addition of these calmodulin antagonists is shown (Fig. 3) . The time course of inhibition of motility by calmodulin antagonists at 30°C is shown (Fig. 4) (Fig. 5) , and motility was maintained for at least 30 min in these spermatozoa as well as in control and W-5-treated spermatozoa (Fig. 6 ).
Even the presence of Ca2+ before the addition of W-7 and trifluoperazine could not prevent the inhibition of motility of intact spermatozoa at 30°C (Fig. 7a) (Fig. 7c,d (P< 0.01) following the addition of W-7 and trifluoperazine. In contrast, there was no significant decrease after the addition of W-5 or in the control experiment (Fig. 8) .
The concentration of ATP in BAPTA/AM-treated sperma¬ tozoa decreased slightly at 30°C to 38.2 ±3.5 nmol 10~9 spermatozoa (mean ± SEM of five samples) compared with those of untreated spermatozoa (control) (42.6 ± 4.7), but there was no significant difference between them. However, at 40°C, there was a significant difference (P < 0.01) between BAPTA/ AM-treated spermatozoa and control (31.7 ±2.9 in BAPTA/AM treatment versus 55.1 ± 6.0 in control).
In addition, the concentration of ATP in intact spermatozoa decreased slightly at 30°C and 40°C after the addition of CaCl2. (Wishart and Ashizawa, 1987; Ashizawa et ah, 1989a; Thomson and Wishart, 1989, 1991 (Tash and Means, 1983) . A possible explanation for the influence of calmodulin on sperm motility is that calmodulin in spermatozoa might stimulate the activity of adenylate cyclase responsible for generating cyclic AMP, which is known to be essential for the stimulation of mammalian sperm motility (Gross et ah, 1987) . However, unlike mammalian spermatozoa, demembranated fowl sperm motility could not be restored by the addition of cyclic AMP at 40°C (Ashizawa et ah, 1989b (Ashizawa et ah, , 1992b 
